The effect of single acute cold water exposure on the cognitive function (short-term, working memory and attention) was examined in 25 male subjects who were exposed to 14 °C cold water (air temperature ~22 °C, rh ~45%) in the semi-recumbent posture (up to the shoulders) until the rectal temperature (T re ) dropped to 35.5 °C. 6 subjects were excluded from the study, because we do not reach a necessary condition to drop their (T re ) to 35.5 °C in 170 minutes during a passive cooling procedure. During the cold exposure rectal (T re ), skin (T sk ) temperatures, heart rate (HR) were measured and cold strain (CSI) was calculated. A cognitive test battery (EFFECTON-COLD) was administrated two times (randomized): as a control measurement (CONTROL) and after the single acute cold water exposure (COLD). After COLD T re and T sk significantly decreased (p < 0.05). The average of HR and COLD time was 82.61 ± 4.09 and 93.68 ± 8.66, respectively. The COLD induced CSI resulted as high cold strain (7.02 ± 0.22). The present study manifested that mild hypothermia and high cold strain experienced in humans during acute cold stress, impair memory and attention tests performance in more complex tasks (tasks requiring working memory, attention concentration, sustention and speed of information processing) while simple tasks remain unaffected (tasks requiring short-term memory and attention concentration for fast response).
INTRODUCTION
Accidental exposure to cold is frequent in Northern countries. The main activities associated with exposure to cold include boating, snowmobiling, other types of land and air transport, non-aquatic activities such as walking, playing, skating, hunting and fishing on ice, and other non-aquatic activities. Also, cold stress may occur for builders, divers, fire-fighters and other workers in everyday occupational activities, especially in winter.
It is well documented that exposure of humans to cold induces physiological changes and may affect cognitive performance (Palinkas, 2001 ; Lieberman et al., 2009; Muller et al., 2012) .
Most of the effects related to cold induce an increment in error numbers and changes in response times in the performance of cognitive performance tests assessing attention and memory. Memory tests are used to assess the stages of short-term memory: memorization, storage and recall (Morey, Cowan, 2005) , and attention tests allow investigating the main characteristics of attention: stability, concentration, distribution and transfer (Correani, Humphreys, 2011) . Pilcher et al. (2002) performed meta-analysis and demonstrated that under cold conditions (~10 °C) reasoning, learning and memory tasks were impaired. Exposure to acute cold stress impairs the performance of short-term or working memory (Thomas et al., 1989; Duncko et al., 2009) and attention (Teichner, 1958; Muller et al., 2012) . Baddeley et al. (1975) reported a significant decrement in memory recall but not in recognition; however, other authors have reported a significant decrement in recognition but not in recall (Ellis et al., 1985) . Moreover, Duncko et al. (2009) reported that exposure to a predominantly adrenergic stress procedure such as cold pressor stress can be associated with signs of both enhanced and impaired working memory performance. However, it is well known that acute cold stress exposure increases the levels of catecholamine (Srámek et (Brenner et al., 1999) , but the modest (~1 °C) decreases in core temperature have depressive effects on the immune function (Costa et al., 2010) . Sandi and Pinelo-Nava (2007) showed that the effect of stress exposure on learning and memory is complex and is determined by the factors such as the length of stress exposure, nature of the stress stimulus, specific cognitive function examined, age and gender. The lack of consistency across studies and reviews has been attributed to a variety of factors including, but not limited to, the cognitive task employed, duration of exposure and method used to induce cold stress (Pilcher et al., 2002; Hancock et al., 2007) . For a long time, experts in the field have disagreed about which modality of cooling is the most efficient because many have been effectively employed (Costrini, 1990; Armstrong, Maresh, 1999). Kohagli (1983) concluded that cold-water immersion results in cutaneous vasoconstriction, a paradoxical increase in core temperature with increased heat production at skin temperatures of less than 28 °C, and patient's discomfort. Thus, the body's ability to cool must be stronger than the vasoconstriction that may be evoked by the immersion, and immersion has been found to be the most rapid and effective method of body cooling (Costrini, 1990; Armstrong et al., 1996) . Moreover, some investigators used a model in dogs and compared ice-water immersion (1 to 3 °C), coldwater immersion (10 to 11 °C), and tap-water immersion (15 to 16 °C) and found no significant differences among the 3 immersions (Magazanik et al., 1980 
Cognitive function assessment
Cognitive function testing was conducted from September to December and from March to June to limit the initial heat and cold acclimation through casual exposure to high or low ambient temperatures. A passive cooling session with cognitive function assessment (COLD) or control cognitive function assessment (CONTROL) were conducted indoors at the same time of the day (7:00 am to 11:00) to avoid the confounding effects of circadian rhythms. The subjects could not take any food at least 12 hours prior to the experiment, but they could drink water when they wanted. The subjects were also instructed not to drink any liquid 60 min before the arrival to the laboratory. This was done in order to standardize the state of hydration and body mass.
The experiment was carried out at 22 ± 1 °C room temperature (mean) and 40 ± 5% relative humidity (mean). On arrival to the laboratory, the subjects were weighed in the nude and after light dressing (T-shirt, shorts and socks) were asked to rest in a chair for 30 min. Then on the CONTROL day the subjects were asked to perform cognitive test battery. On the COLD day the rectal (T re ) and skin (T sk ) temperatures were collected as control measurements (CON) and a passive cooling session started. In the passive cooling session the volunteers were immersed in a water bath at 14 ± 1 °C in the semi-recumbent posture (up to the shoulders) until T re dropped to 35.5 °C (necessary condition). During this procedure, HR, T re were measured every 5 min. Within ~3 min after leaving the bath, the volunteers were wiped away with a towel and the temperature measurements T re , T sk (CON2) were repeated again. After light dressing, the subjects were asked to perform cognitive test battery.
Cognitive test battery
The programmed cognitive test battery (EF-FECTON-COLD) was used for memory and attention performance assessment. All tasks were computer controlled with the information being presented on the screen of a laptop (Hp Compaq 6730b). The test battery was performed approximately in 20 min. It should be noted that Berneckė et al. (2012) verified the used tests reliability. Memory assessment. Memory tests are used to assess the stages of short-term memory: memorization, storage and recall (Morey, Cowan, 2005) . To assess the above-mentioned peculiarities, three standard memory tests were selected (Collie et al., 2003) , which helped to assess the volume of spatial memory, as well as the memory of 10 two-digit numbers and recognition of 9 figures.
The volume of spatial memory was assessed using "the test of memorizing the quantity of digits". In a highly cited article the psychologist Miller (1956) suggested that normally adult short-term memory has a forward memory span of approximately seven items plus or minus two. The Forward Digit Span Task (Miller, 1956; Diamond, 2013) tests the ability to remember the amount of digits per short time period. This test assesses short-term memory (Diamond, 2013) , which can hold a limited amount of information in a very accessible state temporarily (Cowan, 2008) . The subjects were instructed to remember 7 digits of consecutive sequence which were displayed for 3 seconds in the middle of the screen. The subjects had then immediately entered memorized digits using a numeric keyboard in the same consecutive sequence as they were presented, working from the beginning to the end of the series. If the digits were identified correctly, then for the next attempt one digit was added to the sequence and, if the error was made, then one digit less was displayed. There were 16 sequences. The mean value of digits displayed was recorded.
During the assessment of memory of twodigit numbers, the participants were given a sequence of two-digit numbers on their screens. They had to memorize 10 two-digit numbers, and after their disappearance (every two-digit number was showed for 2.5 seconds), enter them into the empty spaces on the computer in random order. The research included two sequences of 10 numbers. The results of the test depended on the number of correct answers of both attempts (maximum 20). The memory of two-digit numbers test analyses working memory (Macizo, Herrera, 2011) .
The forced-choice recognition memory test assesses visual recognition and working memory. This test is subsumed for forced choice recognition memory tests (Roediger, Karpicke, 2006) . After looking at 9 visual figures which were displayed for 15 seconds in the middle of the screen, the subjects were required to recall 9 items from 28 figures presented in the study list in any order. The number of a correct sample match was recorded.
Attention assessment. Testing of attention allows investigating the main characteristics of attention: stability, concentration, distribution and transfer (Correani, Humphreys, 2011) . The research of the mentioned peculiarities included the following tests: assessment of complex reaction and attention transfer.
The unpredictable task switching test is intended to determine the speed of the choice of correct response in a given situation, when a person needs to choose one of the two possible responses to a stimulus as fast as possible (Kubicki et al., 2012) . While accomplishing the test for complex reaction assessment, the research participant had to press the right arrow (→) as quickly as possible when an even number appeared on the computer screen, and press the left arrow (←) when an odd number appeared. While accomplishing the test, attention was focused on one visual field area. The time span between the emergence of numbers (the span between the last pressing of the button and appearance of the next number) shifted from 0.5 to 3 seconds. The variation in time was necessary that the participant would not know when to expect the next number. The duration of the test was 3 minutes; the result depended on the latent period of the responses (the time between the appearance of a number on the screen and pressing on the arrow), the number of responses and the number of correct answers.
The test for attention transfer was intended for the investigation of attention concentration and sustention as well as the speed of information processing (Martens et al., 2010) . The essence of this test was a purposeful transfer of attention from one object to another. The research participant was presented with a matrix of 25 hollow and 24 solid numbers. The participants had to arrange the hollow numbers in the increasing order from 1 to 25, and solid numbers in the decreasing order from 24 to 1. Using the computer mouse, the numbers were ordered in the following sequence: 1 -a hollow number, 24 -a solid number, 2 -a hollow number, 23 -a solid number, etc. The sum of the hollow and solid numbers should always equal to 25 (1 + 24 = 25, 2 + 23 = 25, etc.). The duration of the test was 5 minutes. The result reflected the speed of the accomplishment of the task, which ranged from 0 to 300 seconds.
Measurements
Rectal and skin temperatures T re and T sk were measured before and at the end of passive cooling. T re was measured using a thermocouple (Ellab, DM852, Denmark) inserted to a depth of 12 cm past the anal sphincter as recommended (Proulx et al., 2003) . T sk was measured at three sites: back, thigh and forearm (Ellab, Skin/Surface probe, Denmark) and the average was calculated using the following formula (Burton, 1935 ):
T sk = 0.5 back + 0. 36 thigh + 0.14 forearm .
Cardiovascular responses
HR was measured before and every 5 min during passive cooling with a heart rate monitor (Polar 625x, Finland).
Cold strain index (CSI)
The cold strain index (CSI) was based on T re and T sk as a rating of cold strain on a universal scale of 0-10: 1-2 (no/little cold strain); 3-4 (low cold strain); 5-6 (moderate cold strain); 7-8 (high cold strain); and 9-10 (very high cold strain). It is as follows (Moran et al., 1999) :
The measurements for CSI were taken before (T re0 , T sk0 ) and at the end of passive cooling (T ret , T skt ); water temperature was 14 °C and T re threshold was 35 °C. T re and T sk were assigned with weight by using a constant of 6.67 and 3.33, respectively.
Research design
The research design is presented in Figure. The subjects were required to attend the laboratory on four separate occasions. The initial 2 visits involved familiarization with experimental procedures and equipment. In both familiarization visits the subjects performed all 5 cognitive tests 2 times with a one-hour brake. A week after the familiarization, participants arrived to the laboratory and after a 30-minute During the passive cooling session the subjects every 20 min of immersion were asked to step out from the bath and rest in the chair for 10 min in room environment and then return to the water bath for the next 20 min of immersion. This up to shoulder immersion procedure in bath water at 14 °C ± 1 continued until T re dropped to 35.5 °C and the exposure time was recorded. After this procedure the end T re and T sk were sampled. During immersion and resting the subjects remained in the semi-recumbent posture with their arms folded across their chests and their legs almost straight and together. HR and T re were recorded every 5 min throughout the cooling procedure.
Statistical analysis
Statistical calculations were conducted using SPSS 17.0 (SPSS Inc., Chicago, IL, USA). To evaluate the data in terms of statistical significance, repeated measures with the General Linear Model (GLM) were applied. The partial eta squared (η p 2 ) was estimated as a measure of the cold stress effect. The level of significance was chosen as p < 0.05. If a significant effect was found, the statistical power (%SP, in percent) was calculated. Pearson correlation coefficients (r) were used to identify relationships between variables. All data are presented as the mean ± standard error (SE) of the mean.
RESULTS

Physiological symptoms of passive cooling
The effect of the passive cooling session is presented in Table 1 . After the passive cooling T re and T sk significantly decreased (p < 0.05, %SP 100). T re measured before and after passive cooling session decreased by 1.54 ± 0.06 °C (p < 0.05, %SP 100). The average of heart rate and cooling session time was 82.61 ± 4.09 and 93.68 ± 8.66, respectively. The cooling session induced cold strain (CSI) resulted as high (7.02 ± 0.22).
Passive cooling effect on cognitive function
The effect of acute cold stress on memory and attention performance was observed. Descriptive statistics of memory tests are presented in Table 2 . The memory test time after the acute exposure to cold did not significantly prolong (p > 0.05). After the passive cooling numbers quantity and recognized numbers in the volume of spatial memory test, correct answers in the memory of two-digit numbers test and the recognized figures in the figure recognition test showed significantly lower values (p < 0.05). However, the percent of correct answers significantly decreased only in the memory of two-digit numbers test and figure recognition Values are means ± SE. Significant difference compared with the CON value, p < 0.05. CON -temperature measurements before passive cooling; CON2 -temperature measurements after passive cooling; Δ -mean difference between CON and CON2. η p 2 -partial eta square as a measure of cold stress effect. The data analysis of attention tests is presented in Table 3 . After the acute exposure to cold the time in the attention transfer test and the reaction in the unpredictable task switching test significantly prolonged (p < 0.05, %SP 99 and p < 0.05, %SP 100, respectively). Also, T re and T sk decrement significantly correlated with the prolonged reaction time in the unpredictable task switching test (p < 0.05, r = 0.58 and p < 0.05, r = 0.51, respectively). After the passive cooling, the number of responses and correct answers in the unpredictable task switching test did not significantly decrease (p > 0.05). However, the percent of correct answers significantly decreased in the attention transfer test (p < 0.05, %SP 57).
DISCUSSION
The present study investigated the effects of single acute cold water exposure on cognitive performance (short-term, working memory and attention). Our raised hypothesis proved and the method used in our study (exposure to cold-water limited by the set point of T re 35.5 °C) induced high cold stress and manifested cognitive performance impairment in both memory and attention tests.
In our study used passive cooling procedure caused peripheral and central body cooling. The skin temperature manifests the peripheral cooling ratio. In our study T sk decreased by 11.08 ± 1.2 °C, compared with the control conditions. To set the central cooling ratio we chose the set point of T re 35.5 °C. This type of T re decrement is described as mild hypothermia (Patel et al., 2012) However, various conclusions exist in previous studies. When humans are exposed to cold conditions which produce modest or no effect on core body temperature (2 °C or less), improvements, no change, or decrements in various cognitive functions are reported (Pilcher et al., 2002; Hancock et al., 2007) . The lack of consistency across studies and reviews has been attributed to a variety of factors including, but not limited to, the cognitive task employed, duration of exposure and method used to induce cold stress (Pilcher et al., 2002; Hancock et al., 2007) .
The main difference in our study was limitation by rectal temperature. All subjects dropped T re to 35.5 °C (necessary condition) and the average of T re decrement was 1.54 ± 0.06 °C, which indicates that deep body cooling had initiated. According to cold stress studies the modest (~1 °C) decreases in core temperature have depressive effects on the immune function (Costa et Mäkinen et al. (2006) showed two distinct explanations existing for the changes in cognitive performance during cold exposure. The negative effects of cold exposure and cold-related physiological changes on cognitive performance are consistent with the distraction hypothesis (Teichner, 1968; Davis et al., 1975) and the positive effects of cold exposure and cold-related physiological changes on cognitive performance are consistent with the arousal hypothesis in which cold exposure results in an initial improvement in performance before it results in a performance decrement (Ellis, 1982; Ellis et al., 1985) . Mäkinen et al. (2006) endorsed arousal hypothesis when examining the association between T re and cognitive performance and presented that with a slight decline in core body temperature (from 37.1 to 36.7 °C), participants became more aroused or engaged in performing the task, viewed the cold as a challenge and devoted greater attention to completing all tasks. We discarded this hypothesis because, as we mentioned before, found the impairments in both memory and attention tests. A previous cold water immersion study demonstrated that an initial cooling (not causing a marked drop in T re ) improved cognitive performance of complex tasks (Giesbrecht et al., 1993) . Eventually, the T re temperature dropped further in our study and adverse cognitive performance outcomes have been observed (it consists with the distraction hypothesis). In our experimental study, reaction time, working memory and executive function declined during acute cold exposure. These types of abilities are mediated by frontal brain regions (Tsuchida, Fellows, 2009) and are known to be adversely impacted by cold stress.
Analysing the memory tests results we found a decrement of correct answers percent in all memory tests but test time was not shortened or prolonged significantly and it could be a reason that the main aim in these tests was accuracy. We found a significant impairment of correct answers percent in the memory of two-digit numbers test (working memory) and forced-choice recognition memory test (working memory and visual recognition memory), but the volume of spatial memory test results, which analyse short-term memory (Diamond, 2013) , was not significantly impaired. However, the short-term memory test significantly correlated with rectal temperature decrement and it indicates that deeper changes in rectal temperature should be critical on short-term memory. The present study shows that single acute cold stress and mild hypothermia do not affect short-term memory, but affects working memory. Diamond (2013) reported that working memory (holding information in mind and manipulating it) is distinct from short-term memory (just holding information in mind). Additionally, Atkinson and Shiffrin (1971) presented that short-term memory has a maximum duration of about 30 seconds and items can be kept in short-term memory by repeating them verbally (acoustic encoding), a process known as rehearsal. The volume of spatial memory task (short-term memory task) tests the ability to remember the amount of digits per short time period (Miller, 1956; Diamond, 2013) and output has been given immediately after 3 seconds appearance of digits. It is distinct from the memory of twodigit numbers test and forced-choice recognition memory test (memory tests analysing working memory) where output has been given after 25 and 15 seconds, respectively. Peterson and Peterson (1959) showed that the longer the delay, the less information is recalled. According to our results more complex tasks (like tasks analysing working memory) are affected by mild hypothermia after acute cold stress while simple tasks (like tasks analysing short-term memory) remain unaffected. It should be noted that working memory has been found to correlate with intellectual aptitudes (and especially fluid intelligence) better than measures of short-term memory and, in fact, possibly better than measures of any other particular psychological process (Daneman, Carpenter, 1980; Kyllonen, Christal, 1990; Daneman, Merikle, 1996; Engle et al., 1999; Conway et al., 2005) . The present study of single acute cold exposure agrees with the few studies that have examined the effects of repeated exposures to cold temperatures which found either no effect of cold exposure or that performance is attenuated in complex cognitive tasks, while simple tasks remain unaffected (Ellis, 1982; Ellis et al., 1985; Enander, 1987; Thomas et al., 1989; Giesbrecht, 1993) .
The main aim in attention tests is accuracy and fast response (reaction, i. e. motor response to a visual stimulus). Analysis of attention tests results showed a decrement of correct answers percent in both attention tests, but significant decrement was only in the attention transfer test. The attention transfer test is more complex and requires attention concentration, sustention and speed of information processing (Martens et al., 2010) , while the unpredictable task switching test requires only attention concentration and fast responses to two possible (odd/even number) stimulus (Kubicki et al., 2012) . These findings consist with memory tests results where more complex tasks are significantly affected by mild hypothermia after acute cold stress. The test time in the attention transfer test and the reaction time in the unpredictable task switching test were significantly prolonged. It is a due to significantly lower T re and T sk , we found significant correlations between T re and the reaction time and T sk and the reaction time in the unpredictable task switching test. Mäkinen et al. (2006) observed that decreased skin temperatures and thermal sensations of cold were associated with longer response times and a decreased efficiency in the simple reaction time task which measures simple visuomotor response times. Also, our data agree with a recent Brazaitis et al. (2014) study, where decrements in the reaction time were observed during the choice reaction task after intermittent immersion in bath water (14 °C) .
A series of studies raise the possibility that brain temperatures are somewhat independent from both core and oesophageal temperatures (Harris et al., 2008; Zhu et al., 2009). However, it is unknown how actually temperatures may differ across the brain regions and whether that pattern helps to account for the differential impact of cold exposure on different cognitive abilities. Future neuroimaging studies may help to explain how acute cold stress and mild hypothermia impact the brain function in everyday occupational and/or leisure time activities. Another possibility is that the catecholamine dysregulation associated with acute cold stress and mild hypothermia reduces the cognitive function. Catecholamines are particularly important for tests involving complex attentional functions and executive/ frontal systems functions (Hyafil et al., 2009) which are consistent with the observed pattern of deficits in the current study.
CONCLUSIONS
In conclusion, the present study manifested that mild hypothermia and high cold strain experienced during acute cold stress impair memory and attention tests performance in more complex tasks (tasks requiring working memory, attention concentration, sustention and speed of information processing) while simple tasks remain unaffected (tasks requiring short-term memory and attention concentration for fast response). 
